(Communicated by Takesi NAGATA, M. J. A., Sept. 12, 1990) Abstract:
The earth is a rotating magnetized emitter of coherent radio bursts called the auroral kilometric radiation (AKR) ; the phenomena have a common characteristics with Jupiter and pulsars. The origin of AKR has long been understood as the results of the cyclotron maser mechanisms that are only possible in the very tenuous plasma cavity with fp/f~ (fp and f~ are respectively plasma and electron cyclotron frequencies) value less than 0.1. Furthermore, the cyclotron maser mechanism requires only the trapped component of the energetic particles with loss cone velocity distributions.
Contrary to this cyclotron maser mechanisms, generation of the plasma waves by the inverse Landau mechanism of the upper hybrid mode waves in the frequency range fc<fe<(fc2+ fp2)1/2, for the emission frequency fe and conversion of this plasma waves to the escape mode of the electromagnetic waves have been proposed in this paper.
The evidences of large fp/f~ value (fp/f~>0.3) and the emissions associated with 2nd harmonics of fUAR (f UHR-(fc2+ fp2)1/2) discovered by the EXOS-D satellite observations support the origin at the upper hybrid mode wave branch and the conversion of that wave into AKR.
The informations on the polarizations of AKR detected by the EXOS-D satellite data show clear consistency with the polarization features predicted by the plasma wave conversion theory.
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Introduction.
In late 1960's there was a report claiming discovery of occurrence of radio emissions in the frequency range from 300 kHz to 700 kHz.1> Using the data of Gurnett`) has clarified that the radiations whose spectra are in the frequency range from 80 kHz to 500 kHz with a peak near 300 kHz are emitted from the region of the auroral particle acceleration to the region outside of the earth; the nomenclature is fixed to auroral kilometric radiations (AKR), during the course of the studies.31 As origin of AKR, Wu and Lee4' have proposed a theory, that is called afterwards the cyclotron maser mechanism, in which the possible resonance condition can be found for the loss cone particles with the relativistic resonance condition, as,
where w, k(w) and V are the angular frequency, wave number vector of the waves, and velocity vector of the interacting particles, respectively; and Qc is the angular electron cyclotron frequency.
Because of the coherent nature of the emissions, this Wu and Lee mechanism has been accepted as the principal mechanism of AKR for a long period. This resonance condition contains however many sophisticated factors which are difficult to be achieved in the real situation of planetary plasma.
Making a clear contrast to the sophisticated nature of the resonance conditions for the cyclotron maser mechanism, the inverse Landau interaction (coherent Cerenkov type resonance) between the beam and plasma waves in space is very natural; and the resonance mechanism can coherently generate strong plasma waves in the wavelength range from 1 m to 100 m. This is mainly because the upper hybrid wave branch covers a wide wave number range; i.e., the wave can make resonance with the beam particles in a wide energy range.5) Because these strong waves are generated in the form of plasma waves which are tightly connected to the kinetic motion of the plasma itself, it is required, for generated plasma waves, to take the process of conversion to the free space mode electromagnetic waves, to be the origin of the electromagnetic waves. It has become then current subject of the studies whether the cyclotron maser process is real mechanism governing the coherent planetary burst type radiations or not, and whether the plasma wave conversion processes have the principal role or not, relating to generation of the electromagnetic wave radiations from the auroral precipitating particles in planets. The purpose of the present communication is, therefore, to show the effectiveness of the conversion theory that has the origin of the electrostatic plasma waves of the upper hybrid mode, being based on the newly obtained EXOS-D satellite observation results.7~ Observed conditions in the source region of AKR. Cyclotron maser mechanism that depends on the resonance condition given by eq(1) requires two typical conditions.
The first is the low e(e-fp/f~) value for the local plasma frequency fp and local electron cyclotron frequency f~. For the case of the plasma density distribution in the AKR source, the condition of e<0.1 is usual requirement.4~
By the EXOS-D satellite observation, the real conditions have been investigated using radio wave sounder that provides accurate data for the plasma density distribution.
An example is given in Fig. 1 where the f-t plots for the sounder experiments7) are indicated.
The result shows that there are enhanced auroral kilometric radiations corresponding to the source position where e-(fp/f~) is apparently higher than 0.3, i.e., the result indicates that AKR's are observed clearly even the plasma condition for the possible cyclotron maser mechanism is not satisfied.
For the analyses of the e value the difference of the satellite position between the source region of AKR (see Fig. 1 panel (c) is estimated considering the spatial variation of the plasma density and the magnetic field in space between the source and the satellite position.
Interpretation of polarizations of AKR. The evidence of polarization of AKR is important issue to confirm the generation mechanism of AKR. In the conversion theory, the mode conversion of the electrostatic plasma waves into Z-mode electromagnetic waves is the first essential step; after the conversion into the Z-mode electromagnetic waves, the conversion process from the Z-mode waves to escape mode waves (in the form of the L-0 mode or R-X mode wave) is needed as the second step. The conversion rate of the energy has been calculated for cases of the inhomogeneous plasma density using a model of the step like change of the plasma density° ; the results show that without sharp dependence on the density gap AN, the conversion rate of about 10%, at the most, is possible from Z-mode waves to L-0 mode waves; i.e. the results show dominant L-0 mode.
It becomes apparent that there are two categories of the inhomogeneity of the plasma in the source regions that control the conversion process from the Z-mode waves to the escape mode waves. The first case is the conversion under the condition of inhomogeneous plasma density distributions and that has already been studieds>; and the second is the conversion process under the condition where two moving plasma regions contact with a differential velocity each other. In panel (a) of Fig. 2 , a situation of the new calculation is given for the case applicable to the auroral plasma regions that contact with a differential velocity.8> The result shows that the conversion from the Z-mode waves to the L-O mode waves takes place with ratio of about 10% at most for the large fp/fc (>0.5) case. For the condition of the small fp/f, (<0.1) case, the conversion takes place even to the R-X mode waves (see Fig. 2 panel (b) ). The rate of conversion from IE (Z-mode waves) to the R-X mode waves increases with increasing the relative velocity. When the relative velocity exceeds the level of 0.01 c (c: light velocity), almost 80% of the energy can be converted to the R-X mode waves. Considering all of these results, we can summarize the prediction of observable polarizations of AKR, in Table I , where comparison has been made for two different theories, i.e. for the cyclotron maser theory and for the conversion theory.
By the results of the EXOS-D observations,7> it has been disclosed that AKR's show both L-O and R-X modes. Furthermore, the occurrence of the L-O mode is exclusively confirmed in the case of moderate or in the case of weak auroral activities while extremely intense R-X mode waves are observed and 0 (REO) waves. The ambient plasma with plasma frequency w11 is moving with the source region plasma with plasma frequency 0p1 with relative velocity V. We can also use this relationship for the case where region II is stationary while region I is moving with relative velocity -V. In panel (b), the conversion rate calculated for wave normal angle aJE'=30°, shows almost 80% for the case of the conversion from the Z-mode waves to the R-X mode (TRE) waves when the relative velocity increases to the level higher than 0.01% of the light velocity. This conversion rate from the Z-mode waves to the R-X mode decreases to lower level for decreasing relative velocity, and TRE mode (X-mode of AKR) is cut off at 0.008 c. Considering all of the points given in this paper, it can be concluded that the principal mechanism of the most effective origins of AKR is is given by km. It is indicated that the relative intensities of the left hand to the right hand polarized components for the case of the 2nd harmonics, 2femj are completely opposite to the case of the fundamental femi where femi indicate the emission frequency. That is, the fundamental emissions show the L-O mode waves while the 2nd harmonics emissions show the R-X mode waves, for the case where the waves arrive at the satellite from the sources in anti-sunwards direction. 
